This paper presents a blended-learning strategy for improving the teaching method applied in the laboratory subject Manufacturing Technologies. The teaching method has been changed from a predominantly teacher-centred to an active learning system with a student-centred focus and e-learning activities. In face-to-face classes, a game-based learning platform has been used. This methodology ensured engaging classes at the same time that provided a useful live feedback for students and teachers. The virtualization of the laboratory was achieved by two different e-learning activities, selfassessment tasks and video clips. These e-learning tools have been used not only to improve the students' learning but also to enhance their motivation. Academic results show a significant improvement after the new blended learning method is applied. Moreover, a student satisfaction survey shows the positive impact of the methodology on the students' engagement and motivation.
Introduction
The laboratory subjects that are part of the Mechanical Engineering bachelor's degree from the Rovira i Virgili University are mainly focused on teaching the industrial procedures and experimental techniques through a series of theoretical and practical sessions (laboratory). These subjects are merged with the corresponding theoretical subjects but have their own assessment, management and organizational structures. Even so, laboratory subjects are not positively rated by students because they require considerable effort to pass. Students are not familiar with laboratory procedures and they have to carry out previous tasks beforehand if they want to take full advantage of each practical session. This preparation consists of handing in exercises before each session and reading technical manuals about the equipment they will be required to use in the laboratory. Students are assessed on a variety of things but of particular importance is the final oral exam with a weight of 40% of the total mark. This oral exam is considered as a major challenge by students who do not feel prepared to orally explain their knowledge of each practical session. All this helps to understand why some students do not fully engage with the subject and why the success rate is lower and the dropout rate higher than expected.
From the experience of teaching this particular laboratory subject, teachers got the feeling that students were not satisfactorily involved with the subject for various reasons. The subject is an extremely specific one, because it requires not only an overall understanding of mechanical engineering but also a specific knowledge of industrial manufacturing procedures that students are not familiar with. The problems that hindered the acquisition of the learning outcomes were essentially attributed to the methodology, which was exclusively based in face-to-face learning.
This methodology did not motivate the students neither they felt engaged to the subject. Other studies have identified lack of motivation as a possible reason for lower academic results and higher dropout rates (Fernández Rico, Fernández Fernández, Álvarez Suárez & Martínez Camblor, 2007; Galán Delgado & Cabrera Guillén, 2002) . In previous years, this lack of motivation was noticed through interviews with students who had dropped out the subject. In these interviews, students manifested a lack of engagement due to the difficulties for following the subject from one practical session to the other and for remembering the procedures involved in each practical session for the final oral exam.
Because of the aforementioned before, the objective of the new learning system was to create a learning methodology that engage and motivate students to the subject in order to improve the academic results. The option chosen was a blended learning strategy combining the face-to-face -185-sessions with new e-learning tools. These new e-learning tools have the objective of getting the students engaged to the subject via attractive activities that students will feel as positive. Some of these new e-learning activities would generate an individual weekly mark for each student and help them to remember the practical sessions for the oral exam. A change was also made to the evaluation method, introducing different exam methodologies and giving more weight to individual marks.
The first improvements to a laboratory subject on the Mechanical Engineering Bachelor Degree took place in the Strength of Materials laboratory subject taught in the second semester of the second year (De la Flor, Ferrando & Fabregat-Sanjuan, 2016) . The enhancement was based on a blended learning strategy similar to this research. Due to the confirmed advantages of the blended learning strategy on laboratory subjects, in this paper we make improvements to the learning process in the laboratory subject Manufacturing Technologies (LMT). LMT is taught in the first semester of the third year of the Mechanical Engineering Bachelor Degree. The blended learning strategy has been based in the use of e-learning activities (self-assessment tasks and video clips), the improvement of the students' material (technical documents and reports) and the implementation of the game-based application (Kahoot!) in the face-to-face theoretical sessions. The combination of these improvements makes the change from a traditional laboratory subject to an engaging student-centred laboratory subject.
Other courses with similar strategies conclude that a blended learning strategy with greater participation from the students led to better academic results (Liang, 2010; Smith, 2013; Zhang, Zhou, Briggs & Nunamaker, 2006) . Nevertheless, we also considered the possible drawbacks of e-learning activities so that we could successfully implement our blended learning strategy (Govindasamy, 2001; Kaur, 2013; Manca & Ranieri, 2013; Welsh, Wanberg, Brown & Simmering, 2003) . The main potential drawback of our system was that we would have to create an elearning environment that was attractive enough to encourage students to take part and not prompt a negative reaction to the extra work of all the e-learning activities on top of the standard face-to-face activities. Because of that, the blended learning strategy should create new e-learning tools that will help the students to engage with the subject without overwhelming them with a lot of extra work.
Finally, in order to verify the new learning methodology and evaluate the project, a variety of analytical techniques was applied. These techniques were a comparison with the academic results -186-of previous years, a student satisfaction survey on the novel methodology and a statistical calculation of the correlation between the marks obtained in all the items assessed.
Design/methodology/approach
The study involved the students from the 2015/16 LMT course. The group was made up of 62 students with an average age of 20, only 8 of whom were women. Students complete 60 face-toface teaching hours in one semester to acquire a practical understanding of the main concepts of manufacturing technologies as applied to engineering systems.
The implementation of the blended learning strategy was related to the characteristics and contents of the laboratory subject. The manufacturing technologies laboratory contents are divided into five modules, and each module can be made up of several practical sessions. Table 1 lists the practical sessions involved into the different modules. Each session involves a theoretical session of one hour in which the main concepts are taught and a three-hour practical session wherein students work in groups to complete the necessary procedures in each session. A laboratory report has to be handed in at the end of each laboratory session. This report is the guide for the students to follow the steps needed to obtain the experimental results. Once the experimental data is obtained, the conclusions drawn from the results have to be added before handing in the report. Since the report has to be completed -187-within the three-hour laboratory session, students are required to share out the work and then bring it all together to arrive at the conclusions.
The blended-learning strategy
The new blended-learning strategy is based on the use of different teaching tools that combine elearning technologies with face-to-face methods. This type of strategy is characterized by the convergence of traditional face-to-face systems and online distance learning systems, thereby forming integrated and complementary environments (Bonk & Graham, 2012; Gámiz Sánchez, Montes Soldado & Pérez López, 2014; Güzer & Caner, 2014; Osorio Gómez, 2010; Smith, 2013) .
Online methodologies in general and blended-learning models in particular have been well received by lecturers and students because of their usefulness, the flexibility they allow and the greater degree of student involvement and participation they permit (Sancho-Vinuesa & Escudero Viladoms, 2012; Seluakumaran, Jusof, Ismail & Husain, 2011) . Implementing blended learning strategies has also been found to improve academic performance (Cabero Almenara, Llorente Cejudo & Morales Lozano, 2013; Garrison & Vaughan, 2007) .
In all practical sessions, a set of educational tools has been applied to guide the students through the practical sessions. Each practical session has a section in the Moodle platform with:
• Technical information: links to technical information, equipment datasheets, manufacturing procedures and standards to follow for each practical session.
• A student's guide/report: this guide is what students have to fill in with their experimental results and conclusions to become the final report to hand in at the end of the practical session.
• The link to the YouTube video: with the main parts of the practical session and subtitles that highlight the important concepts and procedures.
• The link to the previous self-assessment test: this test is intended to prepare the practical session and it must be done between the theoretical session and the practical session.
• The link to the subsequent self-assessment test: this test is intended to evaluate the knowledge acquired in the practical session and to prepare the partial exams. It must be done between the practical session and the partial exam.
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Apart from the self-assessment tasks to complete by the students outside the classroom, the Kahoot! game-based platform is used to raise questions during the theoretical session and evaluate in live the answers from the students. The Kahoot! application has been widely accepted by the students because it has an attractive interface and students are attracted by the way they use their smartphones to answer the questions raised. Recently, a study (Wang, 2015) has pointed out that Kahoot! has no wear out effect and can be used repeatedly (one session per week during five months) without losing the students' perception in relation to user-friendliness, engagement, motivation, classroom dynamics, concentration and perceived learning. The idea of using this tool was to transform the standard theoretical classes into attractive classes that imply a competition between students. This competition is based in the way Kahoot! shows the results.
The fastest five students to choose the correct answer (the application not only takes into account the correct answers but also the time to answer) are displayed at the classroom screen after each question. At the same time, students and the teacher have an idea of the knowledge acquired on the theoretical session. Other studies have analysed the advantages of using gamebased platforms for learning purposes (Ebner & Holzinger, 2007; Kiili, 2005; Sharples, 2000) .
Trying to avoid putting too much pressure on the students, Kahoot! tests were not considered for assessment. Moreover, Kahoot! application does not allow using a correct student identification method (the users write themselves their names at the beginning of the test) in order to be used for assessment.
The use of the self-assessment tests to be answered via the Moodle platform (Fabregat-Sanjuan, 2015a) were based on several studies that have related the use of a learning strategy based on self-assessment activities to improvements in student performance (Boud, 2003; Ćukušić, Garača & Jadrić, 2014; Snodin, 2013) , so they would seem to be an excellent aid for our subject. The use of the video clips accessible via YouTube (Fabregat-Sanjuan, 2015b), can be effective in improving levels of student engagement in the learning process, improving the levels of retention and competence acquisition (Manca & Ranieri, 2013; Rama, 2014) .
The objective was to introduce this set of e-learning tools in combination with face-to-face practical training (essential in this kind of subject) to improve learning outcomes and motivate students. This project therefore focuses on the accurate design, development, implementation and evaluation of the new teaching methodology for practical training aided by e-learning environments.
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The assessment system for this subject focus on both the content and the acquisition of transversal competences. For this reason, the evaluation method is made up of different assessment items. As Table 2 shows, with the blended learning strategy there are new items (self-assessment tasks and written partial test exams) that did not exist before. Consequently, the weight of the reports and oral exams has been reduced in comparison with the old method. With the new assessment method students undergo more continuous evaluation, because they are marked each week on each self-assessment task. Moreover, a written partial test exam has been added. One of the best evaluation techniques used in practical training subjects is the oral exam, because of that, the oral exam is still an important part of the new assessment method, but instead of two, only the final exam is an oral. Here the student gives a five-minute presentation on one of the practical sessions, chosen at random, and then answers questions from the teaching staff for another five minutes. The weight of individual assessment has increased, which implies higher individual responsibility. Nevertheless, 20% of the total mark still comes from reports done in groups, so students are forced to practise their social skills in order to work with others
E-learning materials
In this section, we explain the e-learning materials used in the blended learning strategy. They consist of video clips with detailed instructions regarding the development of each practical session, the self-assessment tasks on the educational Moodle platform that have to be done before and after each practical session and the use of the Kahoot! game-based application in theoretical classes. An example of the learning material can be seen in Figures 1, 2 and 3 . The video clips mainly consist of a summary of the recordings made in real laboratory practical sessions. They also include some still pictures that give details of the equipment used and subtitles that give the main points and procedures (technical characteristics and regulations of the laboratory equipment).
The main idea is that students use the videos to prepare the practical sessions in advance (they will be shown what will be done) and to prepare the exams (they will be able to review the main points of each practical session). As Figure 1 shows, video clips summarizing the main idea behind each practical session were uploaded to a YouTube channel (LabTecMec GEM URV).
Since students are very familiar with using YouTube, videos are seen as a positive way for making learning interesting and exciting for them. The YouTube platform is also positive because it is easy to use and its video configuration works on PCs, tablets and smartphones. Because students do a different practical session each week, videos are a useful tool for reminding them what procedures were done in each session. In addition, the subtitles on each video clip cover the main points of each practical session. Videos of each laboratory session also help the students to remember the more important parts of each session. They can also be watched as many times as the students need, and so the learning process is adapted to each student. Self-assessment activities are exercises made up of different kinds of questions (multiple choice, numeric, essay, true/false and matching) to be done on the Moodle platform. Students are used to Moodle and have shown a better attitude towards doing activities there as opposed to the traditional type of exercise (Boud, 2003; Gámiz Sánchez et al., 2014; White, 2007) . They therefore engage with the self-assessment tasks and become motivated towards the subject. The self-assessment tasks are divided into exercises to be done before and after each laboratory session. The self-assessment tasks to be done before the session force the students to study beforehand, thereby improving their learning and achieving better marks in the practical sessions.
The self-assessment tasks to be done after the practical session are useful for finding out what the students have learned on the session and also serve as a guide when preparing for the final oral exam. The questions are ordered randomly and there are many more than those used on each student, and therefore each time a student attempts a task, the questions are different. This forces the students to learn the theoretical concept and procedures carried out in each practical session before they can pass the self-assessment task. Students can attempt each test twice. We decided that self-assessment tests should only be answered twice because we did not want students to spend too much time on these tasks. If they make only one attempt, the mark obtained is the mark of the test; if they make two attempts the mark is the average. Kahoot! application is a game based strategy used in the theoretical classes to check in live what the level of the knowledge is. It consists of multiple choice questions -as a quiz, discussion or survey -which can be created by the teacher beforehand and then asked in live in the classroom, to an unlimited number of students. Teacher can also specify the time required to answer each question.
When the application is initiated, a unique identification number (UIN) is generated by the system. Using a smartphone, tablet or PC, students go to the website www.kahoot.it and they log in with the UIN displayed in the classroom and enter their nickname. Students are required to write their real name because once the quiz is finished the teacher can download the results of all the students. When all students' nicknames appear in the screen, the teacher clicks the Start button to begin the questionnaire.
The questions are projected on the classroom screen. Four multiple-choice answers are displayed for each question, where each answer corresponds to a distinctive color and shape that students can also see on its device. A number of points is awarded to each student for every question The experience using this game based application is extremely positive and has changed the theoretical session's methodology. Before using the Kahoot! the theoretical sessions were mainly master classes were students did not participate at all. Because of that, students had a passive attitude that worsened their learning. Moreover, this passive role did not imply any preparation before the session. In contrast, after the Kahoot! implementation, students have to prepare in advance the theoretical sessions because they know in advance that they will have to prove which their level of knowledge is. The methodology is also based in a master class but with a live feedback from the students that guide teachers to focus the misunderstood concepts and maintain a high level of concentration in students. In order to minimize the time spent answering the Kahoot! quiz and to create a dynamic atmosphere, questions has a limited time response between 10 and 20 seconds and quizzes have a maximum of 10 questions. The higher concentration level is motivated by the competition between students and the way Kahoot! shows the results. The fastest five students to choose the correct answer are displayed at the classroom screen after each question. It creates a competition between students that fosters the learning process. After each quiz the Kahoot! results are analyzed by teachers but are not considered as an assessment item. We consider a drawback that students put themselves their names because it is not safe enough for taking the marks of the Kahoot! quizzes as an assessment item.
Results and discussion
In this section, we analyse the results of implementing the new learning strategies. The main results consist of feedback from the students, the academic results comparison with previous years and the statistical correlation between the marks obtained in the different assessment items.
At the end of the semester, students completed a survey to evaluate the new learning strategies.
The aim of this survey was to evaluate the satisfaction of the students with the new methodology. The student satisfaction survey was anonymously answered on Moodle by all the students enrolled to the subject. The most important results are shown in Figure 4 . The students' survey showed a very positive feedback with the new student centred strategy.
Students have shown to be more motivated. The results show that 100% of the students confirm the new methodology has helped them in their learning process. The 86% of the students are more motivated and 94% of the students think that the higher learning outcome offsets the extra work because of the e-learning tools. Regarding the students' perception of the video clips, 96% of those surveyed believed that the videos helped them a lot or quite a bit to better understand the practical sessions, 76% thought they helped a lot or quite a bit to prepare for the final oral exam and 70% of students thought the videos helped them a lot or quite a bit to prepare for the partial exams. These results confirm that videos are considered as very useful for students and especially for preparing the practical sessions and the oral exam. If we analyse how the students perceive the self-assessment tasks, 90% of the students thought they helped a lot or quite a bit to prepare for the partial exam, 79% thought they helped a lot or quite a bit to prepare for the final oral exam and 75% thought they helped a lot or quite a bit to better understand the practical sessions. These results indicates that self-assessment tasks are considered especially useful for preparing the exams and practical sessions. Moreover, the results also showed that students considered very useful the self-assessment tests for knowing which was their level of knowledge before the exams and the practical sessions.
All this new learning process was aimed at improving academic results, so another evaluation of the implementation of the new methodology was obtained from the academic results. Figure 5 shows the comparison between the academic results of three academic years. The course 2013/14 was the last year taught with the traditional system and 2014/15 was the first year to introduce the blended learning methodology but not all the material was ready and Kahoot! was not used. Finally, course 2015/16 is the course where all the blended learning methodology explained in this investigation was used from the beginning of the course. The comparison from Figure 5 shows an increase of 15 points in the success rate and a reduction of 9 points in the dropout rate between the course 2013/14 and the course 2015/16. These results confirm the use of the new methodology. In order to validate the academic results, the access marks to the Mechanical Engineering bachelor's degree from the groups analysed were compared (Access mark -2014 : 5.955, Access mark 2012 : 6.5, Access mark 2011 -2012 ). The minor differences in the access marks between the groups analysed confirm the results from Figure 5 and even enhance the academic results because the reduction in the access mark in course 2013-2014 does not affect the academic results (students from course 2015-16). It is important to highlight that more important than increasing the success rate, which has an important historical variability, is the decrease of the dropout rate. The dropout rate was historically high in the laboratory subjects because of the fear of the students to the final oral exam. The reduction of the dropout rate means that the new learning methodology encourages the students them to cope with the final oral exam. Even though the results of 2015/16 are great, the authors hope to maintain or increase the success rate and lower the dropout rate to zero in the coming years by using the methodology presented on this paper. To evaluate the relation between the different assessment items, we calculated the Pearson correlation coefficients between the students' marks on each assessment item calculated together with their standard error and the hypothesis test. The hypothesis test was calculated with n=62, a significance level of 99% (p-value of 0.01) and the corresponding t-value of 2.66. The results from statistical calculations for the different assessment items show that all correlation values between the different assessment items are higher enough to pass the hypothesis test. Specifically, it is important to highlight that the correlation between the selfassessment tasks and the rest of the items are statistically significant after the hypothesis test. These results confirm that the self-assessment tasks are a good guide for students to find out their level of knowledge before the exams. They also confirm that those students with higher marks on the self-assessment tasks are also those with higher marks in the exams, which indicates that self-assessment tasks are useful when it comes to preparing for the partial test exam and the final oral exam. The statistically significant correlation value between the partial test exam and the final oral exam (0.54>0.29) is also important because in the new learning strategy, the partial exam was changed from an oral to a written one. This result justifies the change and confirms the relation between the marks obtained in the written partial exams and the final oral exam. The lowest correlation value (0.38) is found between the final oral exam and the reports. Even though this value is higher enough to pass the hypothesis test, the result should not be strictly taken into consideration because reports are made in groups and the rest of the tasks are individual.
Conclusions
The present pilot study shows that the blended learning methodology implemented with a student-centred focus, improves the teaching/learning process. The results obtained reveal that elearning activities done out of class (self-assessment tests and video clips) and e-learning activities done in class (Kahoot!) support and complement face-to-face laboratory classes. The e-learning activities included in the blended learning have been useful for the students. Self-assessment tasks demand constant attention every week that keeps the students engaged in the subject. Moreover, they are also a useful tool for training and provide feedback, which help students for continuous improvement. Likewise, videos are attractive tools for keeping students engaged with the subject and helping them to become familiar with the procedures involved in the laboratory. Videos have also been essential to decrease the dropout rate because they help to prepare for the final oral exam. Videos are a useful tool to summarize the oral exposition, as well as for preparing students for the short questions that have to be answered directly after the oral exposition. The implementation of the Kahoot! game-based application in the face-to-face theoretical sessions has improved the learning process. Theoretical sessions have changed from master classes were students had a passive attitude to a master class were students have an active attitude and teachers have live feedback from the students that guide them to focus the misunderstood concepts and maintain a high level of concentration in students. The application also increases the motivation of the students and helps them to be actively engaged in class.
Improving the learning process of the laboratory subject Manufacturing Technologies using a blended learning strategy has led to a noticeable improvement in the quality of teaching and learning on the course. This improvement is backed up by greater academic results (not only with a higher rate of success but also with a reduction in the dropout rate) and an increase in student motivation and satisfaction. Students show a positive attitude and extra motivation with the new methodology despite the fact that they are forced to carry out e-learning activities out of class and recognize they have to work more than with traditional learning strategies.
Besides the conclusions found, some limitations of this research must be considered. The main limitations of this research are the limited sample (although the methodology has been contrasted with two subjects during two academic courses, it would be interesting to apply this methodology to other laboratory subjects), the context of learning analyzed (it could be interesting to apply the same learning methodology to other engineering degrees with laboratory subjects). Because of that, the authors consider that this research should continue with more studies to fully support the evidences and the conclusions found.
